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Controlled trials: the 1948 watershed

Richard Doll

Clinical trials before 1946

Important scientific advances seldom occur out of the
blue but can be seen in retrospect to have been the cul-
mination of processes that have built up over the years.
This was certainly true of the introduction of the new
method of conducting clinical trials, first reported in
1948, that has played such a major part in the progress
of clinical medicine in the last half century. When I
qualified in medicine in 1937, new treatments were
almost always introduced on the grounds that in the
hands of professor A or in the hands of a consultant at
one of the leading teaching hospitals, the results in a
small series of patients (seldom more than 50) had
been superior to those recorded by professor B (or
some other consultant) or by the same investigator
previously. Under these conditions variability of
outcome, chance, and the unconscious (leave alone the
conscious) in the selection of patients brought about
apparently important differences in the results
obtained; consequently, there were many competing
new treatments. The treatment of peptic ulcer was, per-
haps, more susceptible to claims of benefit than most
other chronic diseases; so that in 1948, when I began to
investigate it, I was soon able to prepare a list of treat-
ments beginning with each letter of the alphabet.
Standard treatments, for their part, tended to be passed
from one textbook to another without ever being
adequately evaluated.

A few clinicians had realised that this was
unsatisfactory and had called for the use of concurrent
controls, usually suggesting that alternate patients
should be treated by one or other of the two methods
being compared. Fibiger is recorded as having used
this method in a trial of sensitised serum for the treat-
ment of diphtheria in 1898, but use of the method
spread slowly. By the 1930s it was used regularly by the
Medical Research Council, presumably on the advice
of its statistical committee which was under the
chairmanship of Major Greenwood. It was used to
evaluate the serum treatment of lobar pneumonia in
1934,* and by D’Arcy Hart in a trial of patulin for treat-
ment of the common cold in 1944. This was expanded
by Wilson et al in 1946 to a factorial design to enable
two comparisons to be made in the same group of
patients. This necessitated four treatment groups in
order to test both the value of a low fat diet and dietary
supplementation with di-cysteine in the treatment of
acute hepatitis." Patulin, which had been discovered by
a chemist who had failed to isolate penicillin, had no
apparent effect on the common cold, and a low fat diet
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Summary points

Claims of therapeutic benefit are often misleading
unless there are concurrent control groups

‘When treatments are allocated to alternate
patients there is a risk of bias in the selection of
patients

Randomly allocating individuals after entry into a
trial eliminates bias and provides a proper
estimate of random error

Randomisation can be done within strata of the
likely response to treatment, if clinicians can
define the strata sufficiently clearly

Ethical standards should be the same for
therapeutic trials and routine care

Large numbers of participants may be needed in
a trial if moderate yet important effects are to be
detected

had no apparent effect on acute hepatitis, but
di-cysteine seemed to reduce the duration of acute
hepatitis by a few days.

The introduction of randomisation

The technique of alternate allocation had one major
disadvantage: the investigator knew which treatment
the next patient was going to receive and could
be—and indeed often was—biased by knowing what the
next treatment would be when deciding whether or not
a patient was suitable for inclusion in the trial. Even
blinding the investigator to the nature of the given
treatment, which was often possible, by presenting the
treatments in similar forms labelled A and B did not
get over the difficulty completely; the investigator could
quickly get the impression that one treatment was
superior to the other and subsequently be biased in
deciding on the next patient’s eligibility.

One way of avoiding such biases would be to divide
the patients into two similar groups before it was
known which group would get which treatment and
then, at the last minute, allocate one whole group to
one treatment and the other to another by tossing a
coin. This method was proposed by van Helmont, a
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medicinal chemist, in 1662 when he challenged the
academics of the day to compare their treatments
based on theory with his based on experience. “Let us
take out of the hospitals, out of the Camps, or from
elsewhere, 200, or 500 poor People, that have Fevers,
Pleurisies, etc. Let us divide them into half, let us cast
lots, that one half of them may fall to my share, and the
other to yours ... We shall see how many funerals both
of us shall have. But let the reward of the contention or
wager, be 300 florens, deposited on both sides.”” Sadly,
the challenge was not accepted. The technique was,
however, actually put into practice by Amberson et al
260 years later to assess the value of sodium gold thio-
sulphate in the treatment of pulmonary tuberculosis.”
Amberson et al divided 24 patients into two groups of
12, the members of each group being “individually
matched” in pairs. They then tossed a coin to decide
which treatment each group should get.

This technique suffers, as Armitage has pointed
out,” not only from the virtual impossibility of truly
being able to match cases, but also because it provides
no means of measuring the relevant random error.
Both difficulties are overcome within quantifiable limits
by the randomisation of individuals. This technique
had been used in agricultural experiments described
by Fisher in 1926 (when plots of land were individually
randomised)’; Bradford Hill had recognised the desir-
ability of using it in clinical medicine when he
published a series of articles on the principles of medi-
cal statistics in 1937.° He did not recommend the ran-
domisation of individuals then, preferring that the two
treatments for comparison be allocated to alternate
patients because, as he wrote in 1990, by referring to
the randomisation of treatments he might have scared
doctors off any use of concurrent controls.” In 1946,
when he judged the time was right, he recommended
the randomisation of individual patients and this
rapidly gained acceptance among medical scien-
dsts.”” " He advocated it not so much because it
provided a proper estimate of random error, which was
the principal reason it was advocated by Fisher, but on
the practical grounds that it eliminated bias in
selection.

The trial in which treatments first began to be allo-
cated randomly to individuals was one designed to test
the efficacy of immunisation against whooping
cough," not the trial of streptomycin for treating
pulmonary tuberculosis." The latter trial, organised by
D’Arcy Hart and Daniels, started in September 1946, a
few months after the whooping cough trial; but it was
reported in 1948, three years earlier than the results of
the whooping cough trial. Consequently, although it
was certainly the first to be reported, it undeservedly
earned the reputation of being the first truly
randomised trial. In both cases efforts were made to
blind the assessor to the participant’s treatment and,
when practicable as in the first trial, to blind the
participants. In both cases ethical considerations
played a major part.

Ethical considerations

At that time there were not any ethical committees to
consult nor were there any ethical criteria laid down by
the Medical Research Council or any other responsible
body. Medical ethics were primarily defined by the
Hippocratic oath, which all newly qualified doctors
were required to swear. Bradford Hill was not a doctor,
but he had such a deep understanding of the nature of
medical practice that the lecture that he gave at the
Royal College of Physicians on medical ethics and
controlled trials was listened to with respect and was
widely acclaimed."

In the trial of streptomycin, the first issue that had
to be faced was whether it was ethical to withhold from
any patient a drug that had been effective in animal
experiments and had had encouraging clinical results
in the few published reports. There was, however, only
a small amount of the drug in Britain and it was not
possible to buy more from abroad. It was agreed to use
the limited supplies to treat patients with two
conditions that had previously been invariably fatal:
miliary tuberculosis and tuberculous meningitis. The
amount of streptomycin left over was insufficient to
treat more than a tiny proportion of the people
desperately ill with other types of tuberculosis. The
Medical Research Council’s Streptomycin in Tubercu-
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losis Trials Committee agreed that “it would have been
unethical not to have seized the opportunity to design
a strictly controlled trial which could speedily and
effectively reveal the value of the treatment” The
question of whether it was ethically justifiable to
withhold the drug from any patient was, therefore,
answered with an unhesitating “Yes.”

Two other questions that the committee considered
were whether the doctors involved could modify the
treatment schedule and whether the control patients
should be given apparently similar placebos. It was
agreed that the doctor must always “do for his patient
whatever he really believes to be essential for that
patient to return him to health””” This meant that if
any patient seemed likely to benefit from an induced
pneumothorax—the only specific treatment available
for pulmonary tuberculosis before the introduction of
streptomycin—the treatment must be given irrespec-
tive of whether it upset the balance of the streptomycin
and the control groups, as in fact it proved to do. The
use of a placebo was ruled out in the interest of the
patients because it would have required an intramuscu-
lar injection four times a day for four months. The
response to treatment could be assessed objectively
without it: psychological factors would have little
impact on such a serious disease, and there was “no
need in the search for precision to throw common
sense out of the window.”"

The committee did not discuss the need to obtain
informed consent; the overriding issue was the welfare
of the patient. Bradford Hill inveighed strongly against
the compulsion to obtain formal consent if this
required giving a frightening account of the risks asso-
ciated with the patient’s condition. “Does the doctor
invariably seek the patient’s consent before using a new
drug alleged to be efficacious and safe? If the answer is
No, then what process, one may ask, makes it needful
for him to do so if he chooses to test the drug in such a
way that he can compare its effects with those of the
previous orthodox treatment?”"*

The question he asked might be answered
differently today, but the principle with which he was
concerned—that there should not be one standard for
the ethics of therapeutic trials and another for routine
medical care—is still valid and ought to be a major
determining factor in our approach to patients.” To
seek informed consent when it went against the
patient’s interest was, in Bradford Hill's opinion,
unethical and should be dispensed with subject, as
would now generally be agreed, to approval by an
appropriate independent committee.

The situation in the whooping cough prevention
trial was different. Parents of children aged 6-18
months were asked to volunteer to have their children
entered into the trial; they were given a pamphlet
describing the study, which included the information
that half the inoculations would not be against whoop-
ing cough but would be “anti-catarrhal” No child was
entered until a consent form had been received; this
condition was emphasised in the report by the
acknowledgment of the “many parents who, in the full
knowledge that their children would not necessarily
receive pertussis vaccination, consented to take part in

9

the investigation.
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Clinical opposition

The spread of randomisation, until it became an essen-
tial element of trials submitted to licensing authorities
for the approval of new drugs, was initially slow and
not without opposition. This was most commonly
expressed along the lines of Lewis’s criticism of what
he called “the statistical method of testing treatment.”"
Lewis was the doctor in charge of the department of
clinical research at University College Hospital,
London, and the doyen of clinical research in the
United Kingdom in the 1930s. He died in 1945 before
randomised trials were introduced but I can imagine
what his reaction would have been. Lewis thought that
when testing treatments for acute diseases two groups
of patients that were as similar as possible should be
treated in exactly the same way and concurrently,
except that one group should receive the remedy and
the other should not. However, he added that “it is to
be recognised that the statistical method of testing
treatment is never more than a temporary expedient,
and that but little progress can come of it directly: for in
investigating cases collectively, it does not discriminate
between cases that benefit and those that do not, and so
fails to determine criteria by which we may know
beforehand in any given case that treatment will be
successful”"!

Lewis’s objection was repeated many times in the
first few years after randomisation was introduced.
Bradford Hill would reply: “Tell me the criteria to dis-
tinguish patients who will respond from those who
don’t and we will build this into the trial”(A Bradford
Hill, personal communication). There was never any
serious response to Bradford Hill’s challenge, and it
came to be accepted that randomisation was appropri-
ate within strata defined by the clinician—if the
clinician could define them sufficiently clearly for prac-
tical use.

Modern developments

Early randomised trials can properly be criticised on
the grounds that they were often too small to have any
chance of detecting moderate effects. Small trials can
be successful when the effect is large but this seldom
occurs. They can also be successful when the effect is
moderate and the outcome is measured quantitatively,
as in the series of trials of treatment for gastric ulcer
conducted by Avery Jones and me in the 1950s and
’60s, which recorded the percentage reduction in the
size of the ulcer over a fixed time."” However, when the
outcome is qualitative rather than quantitative, moder-
ate but important effects will often be missed unless the
number of patients treated is large. For example, many
early trials of the treatment of myocardial infarction,
stroke, and cancer, which were not large by modern
standards, consequently led to the misleading conclu-
sion that there was no benefit. Bradford Hill and his
students, such as myself, were primarily concerned
with getting the principle adopted, and to have pressed
for trials on thousands of patients would have been self
defeating. There were too few physicians, leave alone
surgeons, who were willing to expose their theories to
cold scientific investigation. Multicentre trials were
organised from the beginning (the streptomycin trial
involved six centres), several centres were successfully
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involved in trials like those of adrenocorticotrophic
hormone and cortisone for the treatment of ulcerative
colitis, and more centres became involved in the Medi-
cal Research Council’s trials of treatment for different
forms of leukaemia.” It was many years before
randomisation was accepted as such a normal
procedure. Only then did it become possible to organ-
ise the groundbreaking international study of infarct
survival (ISIS) trials for the treatment of myocardial
infarction, which involved hundreds of centres and
randomly allocated tens of thousands of patients, and
thereby showed the value of moderate improvements
in the treatment of common diseases."”

Without Bradford Hill, randomisation would have
come about sooner or later, perhaps introduced by
Rutstein in the United States. Rutstein collaborated
with Bradford Hill in the design of an Anglo-American
trial of adrenocorticotrophic hormone, cortisone, and
aspirin in the treatment of acute rheumatic fever."
Randomisation would have been adopted much more
slowly, however, without Bradford Hill's understanding
of medical susceptibility and medical ethics and
without his concern for simplicity of design and clarity
of presentation. Modern authors please note.
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Use of randomisation in the Medical Research Council’s
clinical trial of streptomycin in pulmonary tuberculosis in

the 1940s

Alan Yoshioka

A slight mystery surrounds the clinical trial that this
special issue of the BMJ commemorates.' It is now
widely recalled that pulmonary tuberculosis patients in
the Medical Research Council (MRC) trial were
allocated to a streptomycin treatment group and a
control group by a process using random sampling
numbers and sealed envelopes (box). The editorial that
introduced the MRC’s report to BMJ readers on 30
October 1948 called attention to this new scheme, dis-
tinguishing it from the older practice of taking
alternate cases in order of admission to hospital as the
method of creating a control group.” The statistician
involved, Professor (later Sir) Austin Bradford Hill, had
been promoting the use of random allotment since
before the second world war.’ Remarkably, however,
the word “random” appeared nowhere in the MRC'’s
files on streptomycin for 1946. During that year, the
now famous scheme was explicitly mentioned in a
single letter. So why did the MRC use randomisation in
this clinical trial?

Any answer is tentative as contemporary evidence
about the reasoning of the members of the MRC’s
committee is thin. We can make some inferences from
the arguments they used after the fact to justify the ran-
dom allocation scheme to the medical profession. Their
design, and how it was presented, should be understood

Summary points

Randomised allocation of patients is rarely
mentioned in the Medical Research Council’s
documents on streptomycin clinical trials

The meaning of the term “randomisation” has
shifted over time; justifications for using
randomisation have also changed

Streptomycin was isolated in 1943 at Rutgers
University in New Jersey; the MRC began
planning clinical trials in 1946; the first patients
with tuberculosis entered the trials in 1947

The British government initially purchased 50 kg
of American streptomycin for the MRC; most of

the supply went to the clinical trial in pulmonary
tuberculosis

Public demand for streptomycin was far in excess
of supplies in Britain. Randomisation relieved the
MRC's clinicians of responsibility for deciding
who would be treated
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